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of the determination and perform the selected interference 
neutralization with respect to the pairs of the transmitting 
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1. 

RELAY NODE AND METHOD FOR 
MANAGING INTERFERENCE INA 

MULT-HOP NETWORK 

CROSS-REFERENCE TO RELATED 5 

APPLICATION(S) 

This application claims the benefit under 35 U.S.C. S 119 
(a) of Korean Patent Application No. 10-2011-0101190, filed 
on Oct. 5, 2011, in the Korean Intellectual Property Office, the 10 
entire disclosure of which is incorporated herein by reference 
for all purposes. 

BACKGROUND 
15 

1. Field 
The following description relates to a method of a relay 

node managing interference in a multi-hop network, and the 
relay node that manages interference in a communication 
system. 2O 

2. Description of Related Art 
Communication systems are used to connect users to per 

form Voice, video, text communication, and the like. It is 
estimated that at least one percent of all devices around the 
world may be connected to each other over a network. As 25 
advancements in communication technologies increase, this 
network is expected to expand. These communication tech 
nologies affect Smart phones, sensor devices, and various 
other devices having different functions. Through these com 
munication devices, users may readily share content, may 30 
perform synchronization and output, and may use various 
applications such as games, for example, through direct con 
tact among the communication devices. 

To adapt to various changes in the market, there is a need 
for wireless access technologies that Support direct commu- 35 
nication among devices, such as a device-to-device (D2D) 
communication, in addition to cellular communication based 
on conventional infrastructure. 
A plurality of pairs of transmitting nodes and receiving 

nodes may simultaneously transmit signals using wireless 40 
access technologies. As a result, signals among the pairs of 
the transmitting nodes and the receiving nodes may affect 
each other as interference and deterioration in performance 
may occur. 

45 

SUMMARY 

In one general aspect, there is provided a method of a relay 
node managing interference in a multi-hop network, the 
method including determining whether an interference neu- 50 
tralization condition to neutralize interference among pairs of 
transmitting nodes and receiving nodes is satisfied, selecting 
one of a full interference neutralization and a partial interfer 
ence neutralization based on a result of the determination, and 
performing the selected interference neutralization with 55 
respect to the pairs of the transmitting nodes and the receiving 
nodes. 
The method may further include determining whether an 

interference neutralization condition is satisfied is based on a 
number of relay nodes. 60 
The method may further include removing interference by 

applying a rate splitting scheme with respect to a result of the 
partial interference neutralization, in response to the partial 
interference neutralization being selected. 
The method may further include selecting the partial inter- 65 

ference neutralization, and the partial interference neutraliza 
tion further comprises performing of the partial interference 

2 
neutralization to enable a number of transmitting nodes caus 
ing interference in each receiving node of the pairs of the 
transmitting nodes and the receiving nodes to be less than or 
equal to one. 
The selecting may include selecting the full interference 

neutralization, in response to a number of relay nodes satis 
fying the interference neutralization condition. 
The method may further include feeding back, to the trans 

mitting nodes, information associated with a channel State 
after the partial interference neutralization is performed with 
respect to the pairs of the transmitting nodes and the receiving 
nodes. 
The method may further include the information associ 

ated with the channel state after the partial interference neu 
tralization is performed is composite channel state informa 
tion indicating a value of an effective channel after the partial 
interference neutralization is performed. 
The method may further include determining whether a 

number of relay nodes satisfies a partial interference neutral 
ization condition for performing the partial interference neu 
tralization with respect to the pairs of the transmitting nodes 
and the receiving nodes, and adjusting, based on a result of the 
determination, the number of relay nodes and a number of the 
pairs of the transmitting nodes and the receiving nodes that 
simultaneously transmit signals to the relay nodes. 
The adjusting may include increasing the number of relay 

nodes up to Nx(N-2)+1, in response to the number of relay 
nodes not satisfying the partial interference neutralization 
condition for performing the partial interference neutraliza 
tion with respect to the pairs of the transmitting nodes and the 
receiving nodes, N indicates the number of pairs of the trans 
mitting nodes and the receiving nodes. 
The adjusting may include decreasing, to floor(K'+1), 

the number of pairs of the transmitting nodes and the receiv 
ing nodes that simultaneously transmit signals to the relay 
nodes, in response to the number of relay nodes not satisfying 
the partial interference neutralization condition for perform 
ing the partial interference neutralization with respect to the 
pairs of the transmitting nodes and the receiving nodes, and k 
indicates the number of relay nodes. 

In another aspect, there is provided a multi-hop network, 
the relay node including a determining unit configured to 
determine whether an interference neutralization condition 
for neutralizing interference among pairs of transmitting 
nodes and receiving nodes is satisfied, a selecting unit con 
figured to select one of a full interference neutralization and a 
partial interference neutralization, based on a result of the 
determination, and a performing unit configured to perform 
the selected interference neutralization with respect to the 
pairs of the transmitting nodes and the receiving nodes. 
The relay node may further include a removing unit con 

figured to remove interference by applying a rate splitting 
scheme with respect to a result of the partial interference 
neutralization, in response to the partial interference neutral 
ization being selected. 
The relay node may further include, in response to the 

partial interference neutralization being selected, the per 
forming unit is configured to perform the partial interference 
neutralization to enable a number of transmitting nodes caus 
ing interference in each receiving node of the pairs of the 
transmitting nodes and the receiving nodes to be less than or 
equal to one. 
The relay node may further include the selecting unit is 

configured to select the full interference neutralization, in 
response to a number of relay nodes satisfying the interfer 
ence neutralization condition. 
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The relay node may further include a feedback unit con 
figured to feedback, to the transmitting nodes, information 
associated with a channel state after the partial interference 
neutralization is performed with respect to the pairs of the 
transmitting nodes and the receiving nodes. 

The relay node may further include an adjusting unit, the 
determining unit is configured to determine whether a num 
ber of relay nodes satisfies a partial interference neutraliza 
tion condition for performing the partial interference neutral 
ization with respect to the pairs of the transmitting nodes and 
the receiving nodes, and the adjusting unit is configured to 
adjust, based on the determination, the number of relay nodes 
or a number of the pairs of the transmitting nodes and the 
receiving nodes that simultaneously transmit signals to the 
relay nodes. 
The adjusting unit may be configured to increase the num 

ber of relay nodes up to Nx(N-2)+1, in response to the num 
ber of relay nodes not satisfying the partial interference neu 
tralization condition for performing the partial interference 
neutralization with respect to the pairs of the transmitting 
nodes and the receiving nodes, N is the number of pairs of the 
transmitting nodes and the receiving nodes. 

The adjusting unit may be configured to decrease, to floor 
(K'+1), the number of pairs of the transmitting nodes and 
the receiving nodes that simultaneously transmit signals to 
the relay nodes, in response to the number of relay nodes not 
satisfying the partial interference neutralization condition for 
performing partial interference neutralization with respect to 
the pairs of the transmitting nodes and the receiving nodes, k 
is the number of relay nodes. 

In another aspect, there is provided a terminal including at 
least one of a transmitting node and a receiving node, the at 
least one of the transmitting node and receiving node being 
configured to transmit a signal to a relay node in a multi-hop 
network, the relay node including a determining unit to deter 
mine whether an interference neutralization condition for 
neutralizing interference among pairs of transmitting nodes 
and receiving nodes is satisfied, a selecting unit to select one 
of a full interference neutralization and a partial interference 
neutralization, based on a result of the determination, and a 
performing unit to perform the selected interference neutral 
ization with respect to the pairs of the transmitting nodes and 
the receiving nodes. 

The terminal may be a mobile phone. 
In another aspect, there is provided a computer-readable 

storage medium comprising instructions that, when executed 
by a computer, cause the computer to perform a method of a 
relay node managing interference in a multi-hop network, the 
method including determining whether an interference neu 
tralization condition to neutralize interference among pairs of 
transmitting nodes and receiving nodes is satisfied, selecting 
one of a full interference neutralization and a partial interfer 
ence neutralization based on a result of the determination, and 
performing the selected interference neutralization with 
respect to the pairs of the transmitting nodes and the receiving 
nodes. 

Other features and aspects will be apparent from the fol 
lowing detailed description, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating an example of a multi-hop 
network. 

FIG. 2 is a flowchart illustrating an example of a method of 
a relay node managing interference in a multi-hop network. 

FIG. 3 is a diagram illustrating an example of an interfer 
ence neutralization performed in a multi-hop network. 
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4 
FIG. 4 is a diagram illustrating an example of an effect 

obtained by performing an interference neutralization in a 
multi-hop network. 

FIG. 5 is a diagram illustrating an example of a partial 
interference neutralization. 

FIG. 6 is a diagram illustrating an example of a process that 
controls interference using different schemes based on a num 
ber of relay nodes in a multi-hop network. 

FIG. 7 is a diagram illustrating an example of a relay node 
managing interference in a multi-hop network. 

Throughout the drawings and the detailed description, 
unless otherwise described, the same drawing reference 
numerals should be understood to refer to the same elements, 
features, and structures. The relative size and depiction of 
these elements may be exaggerated for clarity, illustration, 
and convenience. 

DETAILED DESCRIPTION 

The following detailed description is provided to assist the 
readeringaining a comprehensive understanding of the meth 
ods, apparatuses and/or systems described herein. Accord 
ingly, various changes, modifications, and equivalents of the 
methods, apparatuses, and/or systems described herein may 
be suggested to those of ordinary skill in the art. Also, descrip 
tions of well-known functions and constructions may be 
omitted for increased clarity and conciseness. 
As described herein, a node Such as a transmitting or a 

receiving node may be a terminal. As a non-limiting example, 
a terminal may be a mobile phone, a computer, a tablet, a 
server, a router, an appliance, and the like. 

FIG. 1 illustrates an example of a multi-hop network. 
Referring to FIG.1, in the multi-hop network, a plurality of 

transmitting nodes 110 may transmit data to a plurality of 
receiving nodes 150 through a plurality of relay nodes 130. A 
cellular system is an example of the multi-hop network in 
which a plurality of users may transmit data to a plurality of 
base stations through a plurality of relays. In the example of 
FIG. 1, a channel between the plurality of transmitting nodes 
110 and the plurality of relay nodes 130 is H. 120, and a 
channel between the plurality of relay nodes 130 and the 
plurality of receiving nodes 150 is H, 140. 
A plurality of pairs of the transmitting nodes and the 

receiving nodes may simultaneously transmit signals. As a 
result, the signals or streams from different pairs of transmit 
ting nodes and receiving nodes may be mixed during a multi 
hop process and inter-stream interference may occur. This 
interference needs to be managed. Performing neutralization 
and reduction of interference among the pairs of the transmit 
ting nodes and the receiving nodes manages the interference. 

Various examples described herein relate to a method of a 
relay node managing interference in a multi-hop network. 

FIG. 2 illustrates the method of the relay node managing 
interference in the multi-hop network. In this example, the 
network includes relay nodes and pairs of transmitting nodes 
and receiving nodes. Referring to FIG. 2, in 210, the relay 
node determines whether the multi-hop network satisfies an 
interference neutralization condition for performing neutral 
ization interference among the pairs of the transmitting nodes 
and the receiving nodes. For example, the relay node may 
make the determination in 210 based on the number of relay 
nodes. For example, whether the interference neutralization 
condition is satisfied may be determined based on whether the 
number of relay nodes included in the multi-hop network 
satisfies Equation 1. 

Ke((N-1)N)+1 Equation 1 
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Hereinafter, the interference neutralization condition may be 
referred to as a full interference neutralization condition. 
The relay node may select full interference neutralization 

and/or partial interference neutralization based on the deter 
mination in 210. The relay node may perform the selected 
interference neutralization with respect to the pairs of the 
transmitting nodes and the receiving nodes. An example of 
the full interference neutralization is described with reference 
to FIGS. 3 and 4, and an example of the partial interference 
neutralization is described with reference to FIG. 5. 

In 220, the relay node selects the full interference neutral 
ization, in response to the number of relay nodes included in 
the multi-hop network satisfying the interference neutraliza 
tion condition for performing the full interference neutraliza 
tion. The relay node performs the full interference neutraliza 
tion with respect to the pairs of the transmitting nodes and the 
receiving nodes in 230, and a process of managing interfer 
ence is completed. 

Conversely, if the number of relay nodes included in the 
multi-hop network fails to satisfy the interference neutraliza 
tion condition for performing the full interference neutraliza 
tion in 210, the relay node determines whether the number of 
relay nodes satisfies a partial interference neutralization con 
dition in 240. For example, whether the partial interference 
neutralization condition is satisfied may be determined based 
on whether the number of relay nodes included in the multi 
hop network satisfies Equation 2. 

Ke((N-2)N)+1 Equation 2 

Here, N denotes a number of pairs of transmitting nodes 
and receiving nodes. 

In response to the number of relay nodes satisfying the 
partial interference neutralization condition for performing 
the partial interference neutralization with respect to the pairs 
of the transmitting nodes and the receiving nodes, the relay 
node selects the partial interference neutralization in 260. The 
relay node performs the partial interference neutralization 
with respect to the pairs of the transmitting nodes and the 
receiving nodes in 270. For example, the relay node may 
perform the partial interference neutralization to enable a 
number of transmitting nodes causing interference in each 
receiving node of the pairs of the transmitting nodes and 
receiving nodes to be less than or equal to one. 
An example in which the relay node controls interference 

using different schemes based on the number of relay nodes in 
the multi-hop network is described with reference to FIG. 6. 

In response to the number of relay nodes not satisfying the 
partial interference neutralization condition, the relay node 
adjusts the number of relay nodes or a number of the pairs of 
transmitting nodes and receiving nodes that simultaneously 
transmit signals to relay nodes in 250. 

For example, if the number of relay nodes does not satisfy 
the partial interference neutralization condition, the relay 
node may increase the number of relay nodes to Nx(N-2)+1. 
Here, N denotes the number of pairs of the transmitting nodes 
and the receiving nodes. As another example, if the number of 
relay nodes does not satisfy the partial interference neutral 
ization condition, the relay node may decrease the number of 
pairs of the transmitting nodes and the receiving nodes that 
simultaneously transmit signals to the relay nodes to floor 
(K'+1). Here, K denotes a smallest integer among integers 
less than A. 

In 280, the relay node feeds back, to the transmitting nodes, 
information associated with a channel state after the partial 
interference neutralization is performed in 270. For example, 
the relay node may receive information associated with a 
channel. Such as H. H. and the like. The transmitting nodes 
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6 
may receive information associated with the channel State 
after the partial interference neutralization, for example, 
H2GH1, shown in Equation 3, is performed, as opposed to 
H., H2, and the like, and thus, overhead may be significantly 
reduced when compared to general interference control 
schemes. 

h?) g O O Equation 3 

h) || 0 g O 
HGH = : (h) h) h'. 

h? O O . 3K 

2 h) 
h) =| |G| h; 4) ... h9) 
h? 
2 G 
G = "h h' ... h. 

h3G 
high Gh ... Gh. 

|A'Gh h; Gh' ... ''G.S' 

h3Gh h;Gh ... h;Gh. 
a 0 ... O 
0 a.2 ... O 

O O . CN 

The information associated with the channel state after the 
partial interference neutralization is performed may be, for 
example, composite channel state information indicating a 
value of an effective channel after the partial interference 
neutralization is performed, as shown in the right matrix of 
Equation 4. 

h? Gh) high high Equation 4 
hoh Gh ... Gh 

h; Gh h; Gh ... h. Gh 

a 0 ... O 
a21 a 22 ... O 
0 a 32 
O O CNN 

In response to the partial interference neutralization being 
selected, the relay node may apply a rate splitting scheme to 
a result of the partial interference neutralization so as to 
remove remaining interference in 290. 
An example of performing neutralization and cancellation 

of interference when the number of relay nodes satisfies the 
partial interference neutralization condition in the multi-hop 
network is described with reference to FIG. 5. 
FIG.3 illustrates an example of an interference neutraliza 

tion performed in a multi-hop network. 
The interference neutralization is first introduced from a 

multiple uni-cast multi-hop network. The following 
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examples illustrate this concept. Referring to FIG.3, all relay 
nodes 330 in the multi-hop network may perform amplifying 
and forwarding. H and H, not shown in FIG. 3, denote a 
channel between transmitting nodes 310 and relay nodes 330, 
and a channel between relay nodes 330 and receiving nodes 
350, respectively. An amplifying coefficient multiplied by a 
channel used by the relay nodes 330 in the multi-hop network 
may be expressed by a G matrix. 

In this example, all nodes included in the multi-hop net 
work may have a uni-antenna, and the G matrix may be a 
diagonal matrix. An effective channel gain from the transmit 
ting nodes 310 to the receiving nodes 350, to which signals 
are transferred through a relay operation, are expressed by 
Equation 3. In this example, for the interference neutraliza 
tion, inter-stream interference may be removed completely, 
and thus, the G matrix may be designed to enable the effective 
channel gain to be a diagonal matrix as shown in Equation 3. 

Equation 3 may be modified to Equation 5 and Equation 6 
based on a feature of linear algebra. 

g Equation 5 
g oh") ... hoh, oh' ... 

<> . 
2) (1) (2) (l 2) (I h"ohs' h"ch" ... h."ohs' 

3N Kx(N-1)N 

O O ... O 

g O O Equation 6 
O ob 32 

a Gb = a aw ; : : 
t 0 0 ... gk" 

b 
(a1g a2g2 ... angN = 

W 

= 

81 

aibigi = a1b1 a2b: ... awbN : 
3N 

Accordingly, an interference neutralization condition 
obtainable from Equations described in the foregoing may be 
expressed by Equation 1. 

Ke((N-1)N)+1 Equation 1 

Referring again to Equation 1 K denotes a minimum 
number of relay nodes required for performing a full inter 
ference neutralization if N pairs of transmitting nodes and 
receiving nodes transmit corresponding signals to a multi 
hop. 

For example, if the number of pairs of transmitting nodes 
310 and receiving nodes 350 included in the multi-hop net 
work is two, it is determined that K=Nx(N-1)+1=3 based on 
Equation 1. 

FIG. 4 illustrates an example of an effect obtained by 
performing an interference neutralization in a multi-hop net 
work. 

Referring to FIG.4, if the relay nodes 330 perform ampli 
fying and forwarding and interference neutralization as illus 
trated in the foregoing, an interfering multi-hop network hav 
ing a topology 410 may be expressed by a single-hop network 
430 in which a transmitting node and a receiving node are 
equivalent. In addition, all interference on the channel may be 
removed, and as a result, the single-hop network 430 may 
resemble a multi-peer-to-peer network. 

With reference back to FIG. 3, interference neutralization 
may offset interference in signals received by the receiving 
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nodes, 350, although the signals transmitted from the trans 
mitting nodes 310 through each channel act as interference to 
each other while passing through the relay nodes 330, so that 
the receiving nodes 350 may receive signals excluding inter 
ference. 

FIG. 5 illustrates an example of a partial interference neu 
tralization. 

Referring to FIG. 5, partial interference neutralization may 
be used when a full interference neutralization is not per 
formed because the number of relay nodes corresponds to 
K<((N-1)N)+1, where K indicates the number of relay 
nodes. 

In a single-hop interfering network, interference may be 
removed by a Han-Kobayashi rate splitting scheme. How 
ever, the Han-Kobayashi rate splitting scheme may have a 
limitation in that at least one interference affects a single 
receiving node, such that restoration of a signal is difficult. 

Various examples herein provide an interference managing 
scheme that is available even if a number of relay nodes in a 
multi-hop network is insufficient to perform the full interfer 
ence neutralization. 

For example, if the number of relay nodes in the multi-hop 
network is insufficient to perform the full interference neu 
tralization, the relay nodes may maximally perform interfer 
ence neutralization so as to make an off-diagonal element of 
an effective channel gain be equal to 0. Subsequently, the 
relay nodes may make a number of remaining off-diagonal 
elements to be less than or equal to one per column, which is 
referred to as the partial interference neutralization. 

After performing the partial interference neutralization, 
the relay nodes may remove remaining interference based on 
the rate splitting scheme, which is the interference managing 
scheme used in the single-hop network. The above-described 
scheme may be referred to as an interference neutralization 
and cancellation (INC). 
The effective channel gain when the INC is used may be 

expressed by Equation 4. 
Also, a minimum number of relay nodes required for per 

forming the INC may be expressed by Equation 2. 
Although the full interference neutralization requires 

H2GH1 to be a diagonal matrix, the INC may allow a maxi 
mum of a single interference. The INC may leave a maximum 
of one of off-diagonal elements per column, as opposed to 
setting it to 0. Accordingly, interference may be controlled 
merely using a number of relay nodes that satisfy Equation 2. 

In this example, an N-user cascade Z-interference channel 
may be formed in the partial interference neutralization, as 
illustrated in FIG. 5. A maximum of a single interference 
excluding a signal may affect all receiving nodes. In this 
manner, interference may be controlled based on the rate 
splitting scheme, which is an interference control scheme 
used in the single-hop network. 

FIG. 6 illustrates an example of a process that controls 
interference using different schemes based on a number of 
relay nodes in a multi-hop network. 

Referring to FIG. 6, if the number of relay nodes included 
in the multi-hop network satisfies K-((N-1)N)+1, which is a 
condition for performing a full interference neutralization, a 
relay node may perform the full interference neutralization so 
as to alter a topology 610 to be a single-hop network 650 in 
which a transmitting node and a receiving node are equiva 
lent. 

Conversely, if the number of relay nodes included in the 
multi-hop network corresponds to (N-1)N+1 >K-((N-2)N)+ 
1, that is, if the number of relay nodes is insufficient to 
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perform the full interference neutralization but is sufficient to 
perform the partial interference neutralization, the relay node 
may perform an INC. 

In an example in which the partial interference neutraliza 
tion is performed with respect to the topology 610 using an 
interference controlling scheme in the multi-hop, an N-user 
cascade Z-interference channel may be formed as shown in a 
topology 630. In this example, a maximum of single interfer 
ence, excluding a signal, may affect all receiving nodes in the 
topology 630. Subsequently, the rate splitting scheme, which 
is an interference controlling scheme in a single-hop, may be 
applied to the topology 630 so that remaining interference 
may be controlled. 
The relay node may increase the number of relay nodes or 

may adjust a number of pairs of transmitting nodes and 
receiving nodes that simultaneously transmit signals if the 
number of relay nodes corresponds to K-(N-2)N+1 and is 
insufficient to perform the partial interference neutralization. 

For example, a minimum number of relay nodes may be 
reduced to a value of N, when compared to the full interfer 
ence neutralization. 

For example, when N=3, at least seven relay nodes may be 
required based on Nx(N-1)+1=3x(2)+1=7, to perform full 
interference neutralization with respect to the pairs of the 
transmitting nodes and the receiving nodes. As another 
example, the INC may provide an equivalent performance 
with only four relay nodes, that is, Nx(N-2)+1=3x(1)+1=4. 

FIG. 7 illustrates an example of a relay node managing 
interference in a multi-hop network. 

Referring to FIG.7, relay node 700 includes a determining 
unit 710, a selecting unit 720, a performing unit 730, an 
adjusting unit 740, a removing unit 750, and a feedback unit 
760. 
The determining unit 710 may determine whetheran inter 

ference neutralization condition for neutralizing interference 
among pairs of transmitting nodes and receiving nodes is 
satisfied, based on a number of the relay nodes. 
The selecting unit 720 may select full interference neutral 

ization or a partial interference neutralization, based on a 
result of the determination. For example, the selecting unit 
720 may select the full interference neutralization if the num 
ber of relay nodes satisfies the interference neutralization 
condition. 
The performing unit 730 may perform the selected inter 

ference neutralization with respect to the pairs of the trans 
mitting nodes and the receiving nodes. For example, if the 
partial interference neutralization is selected, the performing 
unit 730 may perform the partial interference neutralization 
to enable a number of transmitting nodes causing interference 
in each receiving node of the pairs of the transmitting nodes 
and the receiving nodes to be less than or equal to one. 
As another example, the determining unit 710 may deter 

mine whether the number of relay nodes satisfies a partial 
interference neutralization condition for performing the par 
tial interference neutralization with respect to the pairs of the 
transmitting nodes and the receiving nodes. In this example, 
the adjusting unit 740 may adjust the number of relay nodes or 
a number of pairs of transmitting nodes and receiving nodes 
that simultaneously transmit signals to the relay nodes, based 
on a result of the determination of the determining unit 710. 

For example, the adjusting unit 740 may increase the num 
ber of relay nodes up to Nx(N-2)+1 if the number of relay 
nodes does not satisfy the partial interference neutralization 
condition for performing the partial interference neutraliza 
tion with respect to the pairs of the transmitting nodes and the 
receiving nodes. In this example, N denotes the number of 
pairs of the transmitting nodes and the receiving nodes. 
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10 
The adjusting unit 740 may decrease the number of pairs of 

transmitting nodes and receiving nodes that simultaneously 
transmit signals to the relay nodes if the number of relay 
nodes fails to satisfy the partial interference neutralization 
condition for performing partial interference neutralization 
with respect to the pairs of the transmitting nodes and the 
receiving nodes. For example, the adjusting unit may 
decrease the number of pairs of transmitting and receiving 
nodes to floor(K'+1). In this example, Kdenotes the number 
of relay nodes. 

If the selecting unit 720 selects the partial interference 
neutralization, the removing unit 750 may remove interfer 
ence by applying a rate splitting scheme with respect to a 
result of the partial interference neutralization performed by 
the performing unit 730. 
The feedback unit 760 may feed back, to transmitting 

nodes, information associated with a channel state after the 
partial interference neutralization is performed with respect 
to the pairs of the transmitting nodes and the receiving nodes. 

According to various examples herein, varied transmission 
schemes may be selected based on whether a number of relay 
nodes satisfies a full interference neutralization condition or a 
partial interference neutralization condition and thus, a trans 
mission efficiency in a multi-hop network may be increased. 

According to various examples herein, a partial interfer 
ence neutralization may be performed with respect to pairs of 
transmitting nodes and receiving nodes in a multi-hop net 
work so as to maximally control interference in a multi-hop, 
and may remove remaining interference using a rate splitting 
scheme so as to minimize a number of relay nodes required 
for an INC. 

According to various examples herein, a relay node may 
feedback, to a transmitting node, information associated with 
a channel state after a partial interference neutralization is 
performed, and may reduce overhead by controlling of inter 
ference. 

Program instructions to perform a method described 
herein, or one or more operations thereof, may be recorded, 
stored, or fixed in one or more computer-readable storage 
media. The program instructions may be implemented by a 
computer. For example, the computer may cause a processor 
to execute the program instructions. The media may include, 
alone or in combination with the program instructions, data 
files, data structures, and the like. Examples of computer 
readable storage media include magnetic media, Such as hard 
disks, floppy disks, and magnetic tape; optical media Such as 
CD ROM disks and DVDs; magneto-optical media, such as 
optical disks; and hardware devices that are specially config 
ured to store and perform program instructions. Such as read 
only memory (ROM), random access memory (RAM), flash 
memory, and the like. Examples of program instructions 
include machine code, such as produced by a compiler, and 
files containing higher level code that may be executed by the 
computer using an interpreter. The program instructions, that 
is, software, may be distributed over network coupled com 
puter systems so that the Software is stored and executed in a 
distributed fashion. For example, the software and data may 
be stored by one or more computer readable storage medi 
ums. Also, functional programs, codes, and code segments 
for accomplishing the example embodiments disclosed 
herein can be easily construed by programmers skilled in the 
are to which the embodiments pertain based on and using the 
flow diagrams and block diagrams of the figures and their 
corresponding descriptions as provided herein. Also, the 
described unit to perform an operation or a method may be 
hardware, software, or some combination of hardware and 
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Software. For example, the unit may be a software package 
running on a computer or the computer on which that soft 
ware is running. 
As a non-exhaustive illustration only, a terminal/device? 

unit described herein may refer to mobile devices such as a 
cellular phone, a personal digital assistant (PDA), a digital 
camera, a portable game console, and an MP3 player, a por 
table/personal multimedia player (PMP), a handheld e-book, 
a portable laptop PC, a global positioning system (GPS) 
navigation, a tablet, a sensor, and devices such as a desktop 
PC, a high definition television (HDTV), an optical disc 
player, a setup box, a home appliance, and the like that are 
capable of wireless communication or network communica 
tion consistent with that which is disclosed herein. 
A computing system or a computer may include a micro 

processor that is electrically connected with a bus, a user 
interface, and a memory controller. It may further include a 
flash memory device. The flash memory device may store 
N-bit data via the memory controller. The N-bit data is pro 
cessed or will be processed by the microprocessor and N may 
be 1 or an integer greater than 1. Where the computing system 
or computer is a mobile apparatus, a battery may be addition 
ally provided to Supply operation Voltage of the computing 
system or computer. It will be apparent to those of ordinary 
skill in the art that the computing system or computer may 
further include an application chipset, a camera image pro 
cessor (CIS), a mobile Dynamic Random Access Memory 
(DRAM), and the like. The memory controller and the flash 
memory device may constitute a solid state drive/disk (SSD) 
that uses a non-volatile memory to store data. 
A number of examples have been described above. Never 

theless, it should be understood that various modifications 
may be made. For example, suitable results may be achieved 
if the described techniques are performed in a different order 
and/or if components in a described system, architecture, 
device, or circuit are combined in a different manner and/or 
replaced or Supplemented by other components or their 
equivalents. Accordingly, other implementations are within 
the scope of the following claims. 

What is claimed is: 
1. A method of a relay node managing interference in a 

multi-hop network, the method comprising: 
determining, by comparing a number of relay nodes 

included in the network to a value calculated based on a 
number of pairs of transmitting nodes and receiving 
nodes included in the network, whether an interference 
neutralization condition to neutralize interference 
among the pairs of transmitting nodes and receiving 
nodes is satisfied; 

Selecting one of a full interference neutralization and a 
partial interference neutralization based on a result of 
the determination; and 

performing the selected interference neutralization with 
respect to the pairs of transmitting nodes and receiving 
nodes. 

2. The method of claim 1, further comprising: 
removing interference by applying a rate splitting scheme 

with respect to a result of the partial interference neu 
tralization, in response to the partial interference neu 
tralization being selected. 

3. The method of claim 1, further comprising: 
Selecting the partial interference neutralization, 
wherein the partial interference neutralization further com 

prises performing of the partial interference neutraliza 
tion to enable a number of transmitting nodes causing 
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interference in each receiving node of the pairs of trans 
mitting nodes and receiving nodes to be less than or 
equal to one. 

4. The method of claim 1, wherein the selecting comprises: 
selecting the full interference neutralization, in response to 

the number of relay nodes included in the network sat 
isfying the interference neutralization condition. 

5. The method of claim 1, further comprising: 
feeding back, to the transmitting nodes, information asso 

ciated with a channel state after the partial interference 
neutralization is performed with respect to the pairs of 
transmitting nodes and receiving nodes. 

6. The method of claim 5, wherein the information associ 
ated with the channel state after the partial interference neu 
tralization is performed is composite channel state informa 
tion indicating a value of an effective channel after the partial 
interference neutralization is performed. 

7. The method of claim 1, further comprising: 
determining whether the number of relay nodes included in 

the network satisfies a partial interference neutralization 
condition for performing the partial interference neutral 
ization with respect to the pairs of the transmitting nodes 
and the receiving nodes; and 

adjusting, based on a result of the determination, the num 
ber of relay nodes and a number of the pairs of the 
transmitting nodes and the receiving nodes that simul 
taneously transmit signals to the relay nodes. 

8. The method of claim 7, wherein the adjusting comprises: 
increasing the number of relay nodes up to Nx(N-2)+1, in 

response to the number of the relay nodes not satisfying 
the partial interference neutralization condition for per 
forming the partial interference neutralization with 
respect to the pairs of the transmitting nodes and the 
receiving nodes, 

wherein N indicates the number of pairs of the transmitting 
nodes and the receiving nodes included in the network. 

9. The method of claim 7, wherein the adjusting comprises: 
decreasing, to floor(K'+1), a number of pairs of the trans 

mitting nodes and the receiving nodes that simulta 
neously transmit signals to the relay nodes, in response 
to the number of relay nodes included in the network not 
satisfying the partial interference neutralization condi 
tion for performing the partial interference neutraliza 
tion with respect to the pairs of transmitting nodes and 
receiving nodes, 

whereink indicates the number of relay nodes included in 
the network. 

10. A relay node for managing interference in a multi-hop 
network, the relay node comprising: 

a processor configured to control one or more processor 
executable units: 

a determining unit configured to determine, by comparing 
a number of relay nodes included in the network to a 
value calculated based on a number of pairs of transmit 
ting nodes and receiving nodes included in the network, 
whether an interference neutralization condition for 
neutralizing interference among the pairs of transmitting 
nodes and receiving nodes is satisfied; 

a selecting unit configured to select one of a full interfer 
ence neutralization and a partial interference neutraliza 
tion, based on a result of the determination; and 

a performing unit configured to perform the selected inter 
ference neutralization with respect to the pairs of trans 
mitting nodes and receiving nodes. 

11. The relay node of claim 10, further comprising: 
a removing unit configured to remove interference by 

applying a rate splitting scheme with respect to a result 
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of the partial interference neutralization, in response to 
the partial interference neutralization being selected. 

12. The relay node of claim 10, wherein, in response to the 
partial interference neutralization being selected, the per 
forming unit is configured to perform the partial interference 
neutralization to enable a number of transmitting nodes caus 
ing interference in each receiving node of the pairs of trans 
mitting nodes and receiving nodes to be less than or equal to 
O. 

13. The relay node of claim 10, wherein the selecting unit 
is configured to select the full interference neutralization, in 
response to the number of relay nodes included in the network 
satisfying the interference neutralization condition. 

14. The relay node of claim 10, further comprising: 
a feedback unit configured to feedback, to the transmitting 

nodes, information associated with a channel state after 
the partial interference neutralization is performed with 
respect to the pairs of transmitting nodes and receiving 
nodes. 

15. The relay node of claim 10, further comprising 
an adjusting unit, wherein 
the determining unit is configured to determine whether the 
number of relay nodes included in the network satisfies 
a partial interference neutralization condition for per 
forming the partial interference neutralization with 
respect to the pairs of transmitting nodes and receiving 
nodes, and 

the adjusting unit is configured to adjust, based on the 
determination, the number of relay nodes included in the 
network or a number of the pairs of transmitting nodes 
and receiving nodes that simultaneously transmit signals 
to the relay nodes. 

16. The relay node of claim 15, wherein the adjusting unit 
is configured to increase the number of relay nodes up to 
Nx(N-2)+1, in response to the number of relay nodes not 
Satisfying the partial interference neutralization condition for 
performing the partial interference neutralization with 
respect to the pairs of transmitting nodes and receiving nodes, 

wherein N is the number of the pairs of the transmitting 
nodes and the receiving nodes. 

17. The relay node of claim 15, wherein the adjusting unit 
is configured to decrease, to floor(K'+1), the number of the 
pairs of transmitting nodes and receiving nodes that simulta 
neously transmit signals to the relay nodes, in response to the 
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number of relay nodes not satisfying the partial interference 
neutralization condition for performing partial interference 
neutralization with respect to the pairs of transmitting nodes 
and receiving nodes, 

wherein k is the number of relay nodes. 
18. A terminal including at least one of a transmitting node 

and a receiving node, the at least one of the transmitting node 
and receiving node being configured to transmit a signal to a 
relay node in a multi-hop network, the relay node comprising: 

a determining unit to determine, by comparing a number of 
relay nodes included in the network to a value calculated 
based on a number of pairs of transmitting nodes and 
receiving nodes included in the network whether an 
interference neutralization condition for neutralizing 
interference among the pairs of transmitting nodes and 
receiving nodes is satisfied; 

a selecting unit to select one of a full interference neutral 
ization and a partial interference neutralization, based 
on a result of the determination; and 

a performing unit to perform the selected interference neu 
tralization with respect to the pairs of transmitting nodes 
and receiving nodes. 

19. The terminal of claim 18, wherein the terminal is a 
mobile phone. 

20. A non-transitory computer-readable storage medium 
comprising instructions that, when executed by a computer, 
cause the computer to perform a method of a relay node 
managing interference in a multi-hop network, the method 
comprising: 

determining, by comparing a number of relay nodes 
included in the network to a value calculated based on a 
number of pairs of transmitting nodes and receiving 
nodes included in the network, whether an interference 
neutralization condition to neutralize interference 
among the pairs of transmitting nodes and receiving 
nodes is satisfied; 

Selecting one of a full interference neutralization and a 
partial interference neutralization based on a result of 
the determination; and 

performing the selected interference neutralization with 
respect to the pairs of transmitting nodes and receiving 
nodes. 


